Abstract
Introduction
After the intense research activity during last years, the XRD analysis of the A 3+ B 5+ O 4 compositions (A = Bi 3+ or Sb 3+ , and B = Nb 5+ , Sb 5+ or Bi 5+ ) showed that the compounds were isostructural, though various modifications were possible [1] - [3] . It is worthy to highlight the valence instability of Sb 3+ cations during sintering course in air atmosphere (Sb 3+ is easy to be oxygenized to Sb 5+ ). In recent studies, the authors reported the good microwave dielectric properties of BiSbO 4 and Bi(Sb,Ta)O 4 ceramics [4] [5] . BiSbO 4 was also reported in detail as a novel p-block metal oxide, which possessed a visible light response for photocatalytic degradation of methylene blue by Xin P. Lin et al. [6] .
Kinnedy [7] reported a Rietveld refinement of X-ray powder diffraction study of BiSbO 4 and found that it belonged to a monoclinic structure with the space group I2/c.
As reported by Tairi et al. [8] , the solid solution phase Bi The study of this pseudo-binary was later extended by M. Miyayama and H. Yanagida [9] to the whole system. He also confirmed that the existence of particular phases obtained Bi 3 SbO 7 , BiSbO 4 and a continuous solid solution between BiSbO 4 -Sb 2 O 4 . High-temperature mass spectrometric vaporization study of the Bi-Sb-O system has been investigated by N. A. Gribchenkova et al. [10] . However, the characteristics and the compositions in the system Bi-Sb-O doped with TeO , and B = Nb 5+ , Sb 5+ or Bi 5+ ) family's properties and structures, it attracts us to study the phase relationship between BiSbO 4 and TeO 2 solid solution. The investigation devoted to the compounds having cations with stereochemical active pair electrons as bismuth, tellurium and antimony, precise information on bond lengths and sites occupations will contribute to the understanding of its structural chemistry. It is therefore the aim of this paper to report the development on the structural properties in pseudo-binary BiSbO 4 -TeO 2 .
Experimental
The standard method of solid-state chemical reaction was applied to synthesize the Bi 1−x Sb 1−x Te 2x O 4 compounds. Proper stoichiometric molar ratios of the starting compounds were mixed using the starting compounds Bi 2 O 3 (99.99%), TeO 2 (99.999%) and Sb 2 O 3 (99.995%). The starting materials were mixed and ground in an agate mortar and heated in air in alumina crucibles. The following heat treatment procedure was used: 24 h at 600˚C, 24 h at 700˚C and 48 h at 850˚C. After each heating treatment, the sample was cooled down to room temperature, slowly at 3˚C/min and re-ground (re-mixed) to improve homogeneity. X-ray diffraction measurements were performed after each heat treatment to check the quality of the obtained materials.
Room temperature X-ray powder diraction data were obtained Bruker D8 high resolution diffractometer, the CuKα1 (λ = 1.5406 Å) wave length was used. The full pattern refinements were carried out by the Rietveld method with the FullProf program integrated in Winplotr software. The Rietveld refinement of the observed powder XRD data is initiated with scale and background parameters, and, successively, other profile parameters are included. The background is fitted with a fifth order polynomial. The peak shape is fitted with a Pseudo-Voigt profile function. After an appreciable profile matching, the position parameters and isotropic atomic displacement parameters of individual atoms were also refine.
Experiments have been carried out using Raman spectra were recorded in the 80 -1000 cm −1 range using a Horiba Jobin-è-spectrometer (T64000 model) equipped with an Ar + laser (514.5 nm exciting line) and a CCD detector in a backscattering geometry. The incident laser beam was focused with the spot size of less than 5 μm by the objective (×100) to excite the sample. The spectra were recorded in two scans (during 100 s) at low power (<100 mW) of the excitation line, in order to avoid local heating of the sample. The spectral resolution was about 2.5 cm −1 at the exciting line. Figure 2 and the lattice parameters derived from the XRD patterns are listed in Table 1 . This solid solution is obtained at 850˚C (48 h). Table 1 shows the cell parameters and the volume evolution of the monoclinic cell with the composition. The substitution of antimony atoms and bismuth by tellurium in the network BiSbO 4 has no significant influence on the lattice parameters evolution. The average size of the substituted atoms (Sb and Bi) atoms by tellurium is essentially the same: In order to have a details information on these materials, structure determination of the solid solution Bi 1−x Sb 1−x Te 2x O 4 (x = 0.1) was carried out by using Rietveld method. (2) and Sb/Te (1) atoms occupy the sites 4c and 4d respectively. Attempts to refine the atomics displacements ("thermal") parameters independently for both crystallographically non-equivalent O atoms were unsuccessful ([B iso (O (I) and O (II) )] have the negative value of −0.52) and these parameters were constrained to be equal. We also tried to refine the SOF values for the O (I) and O (II) atoms mentioned in the previous section, along with the overall Biso value (because of extremely high correlations between the individual Biso and site occupation facteur (SOF) values, simultaneous refinement of these values for an atom in a structure is usually unsuccessful); but general improvement of the fit was not observed, and the site occupation facteur (SOF) values obtained 1.29 (10) and (1) respectively, are consistent with the ideal value site occupation facteur 1. Taking these facts into account, the site occupation facteur values for Sb/Te (1) , Bi/Te (2) and O in the structure were considered theoretical to be equal to 1.
After refinement, the reliability factors stabilize values: R b = 3.88%, R f = 3.66%, R p = 7.23%, R wp = 10.8%. The atomic coordinates and thermal factors refined agitation are given in Table 3 . Observed, calculate and difference powder XRD patterns are given in Figure 3 . The main interatomic distances and bond angles are summarized in Table 4 .
Coming to the general architecture of BiSbO 4 that is drawn by using ATOMS program [13] , which is isostructural with β-Sb 2 O 4 , it is possible to depict that is formed by [SbO 4 ] n layers built up by octahedra sharing corners hed together via bismuth atoms lying in (001) [7] . In Figure 4 we have shown a perspective view of the contents of the atomic lattice and the various cations coordination. The structure of Bi 0.90 Sb 0.90 Te 0.2 O 4 is formed by a three-dimensional network of octahedral (Sb/Te (1) )O 6 linked by the polyhedra (Bi/Te (2) )O 8 . Each Sb/Te (1) atom is surrounded by six oxygen atoms, two of them are normal distances being 2.000(2) Å, two short distances 1.949(2) Å and two others long distances at 2.076(2) Å. The corresponding polyhedron is a slightly distorted octahedron. The mean value Sb/Te (1) -O is 2.008 Å which is in perfect accordance with the sum of radii as proposed by Shannon [14] Figure 6 . The Bi/Te (2) atoms are surrounded by 8 oxygen atoms located at distances ranging from 2.147(2) Å to 2.865(2) Å ( [14] . The small disparity reveals a weak streochemical activity of the lone pair E of the Bi/Te (2) [17] - [19] . The Bi/Te (2) polyhedrons are shared by O 5 (II) -O 6 (II) edges to constitute the chains parallel to Oy-axis (Figure 4) . Their association in the three-dimensional framework let's consider hexagon cages which are located the Sb/Te and antimony ions Sb 5+ by tellurium Te 4+ contributes to increase the cationic disorder. It is interesting to note that the presence of tellurium oxide TeO 2 is minimal or it would create a distorted distribution of tellurium and antimony atoms in the same Wyckoff sites. The angle are 79.39˚ very close to those observed in β-Sb 2 O 4 87.9 and 148.1˚ [7] . This result, show the (SbTe (1) )O 6 appears to be elongated. In the (BiTe (2) )O 8 polyhedron, however, the structural dissemetry results in a dipole moment. The bond-valence analyses [20] using the parameters by Brese and O'Keeffe [21] are in agreement with the expected values for different atoms. The results are summarized in Table 4 . The antimony oxidation state is clearly +5 confirmed by a count of bond valence ( Table 4 . Based on it relied on the existence of the totally symmetric vibration mode which is usually observed as the strongest band in the characteristic spectral region. This mode corresponds to the most covalent chemical bond of the anionic unit. The Raman spectra can be divided into three regions which correspond to (Sb/Te (1) 
Conclusion
A new solid solution with formula Bi 1−x Sb 1−x Te 2x O 4 (0 ≤ x ≤ 0.1) is synthesized and its crystal structure has been determined using the Rietveld analysis of X-ray powder diffraction data. The new solid solution has a monoclinic symmetry and it presents a particularity to have a mixture of cations at the same site: Bi/Te (2) and Sb/Te (1) Sb/Te (1) Sb/Te (1) Sb/Te (1) Sb/Te (1) Bi/Te (2) Bi/Te (2) Bi/Te (2) Bi/Te (2) Bi/Te (2) OALibJ Sb/Te (1) . The (Sb/Te (1) )O 6 octahedra are connected by sharing corners to form layers sheets. Bi/Te (2) atoms located in the interlayer are coordinated to eight atoms to form edge-sharing distorted (Bi/Te (2) )O 8 polyhedra. The crystal structure is constituted of layers [Sb/Te (1) (2) )O 8 -(Sb/Te (1) )O 6 and deformation modes vibration in the crystal.
